Background: There is a lack of evidence for the role of loneliness on suicide using psychological autopsy method, and the validity of proxy informants' reports on loneliness is not well established. This study aimed to investigate the validity of proxy respondent reports on loneliness, and the reliability and validity of the University of California Los Angeles Loneliness Scale-6 (ULS-6) as used in psychological autopsy method with rural elderly people in China. Methods: Two hundred forty-two suicide cases and 242 normal community controls were selected, and the psychological autopsy method was utilized to collect information. Data from proxy respondents of the living controls were compared with data reported by the targets (gold standards). Results: Subject-proxy concordance for ULS-6 was fair (ICC = 0.447) in the living controls. The suicide cases were more likely to have a higher score of ULS-6 than the living controls. Additionally, our data supported that ULS-6 had adequate psychometric properties in both suicide and control groups: factor analyses yielded one-factor component solution; Cronbach's alpha (both > 0.90) demonstrated excellent internal consistency; the Spearman correlation analysis indicated that the ULS-6 score was positively correlated with depression; and negatively correlated with QOL and social support. Conclusions: Results support proxy-based data on loneliness in research of suicide in older adults in rural China, and the ULS-6 is a psychometrically sound instrument for measuring loneliness in psychological autopsy studies.
Background
In China, a sharp decline in the official national suicide rate has been observed in the past two decades, from 15.6 per 100,000 in 2002 to 6.6 in 2015 [1] . However, the decline in suicide rate was less prominent in older age-groups compared with younger agegroups [1] . It was predicted that Chinese elderly suicide rates, especially among the rural elderly population, were likely to go up again [2] . Given the rapid aging of Chinese population, elderly suicide prevention should be given greater priority for reducing suicides in China [3] . To understand the causes and identify correlates of suicide, psychological autopsy, which gather data from postmortem proxy respondents, medical records, and other sources, is a widely used method [4, 5] .
Loneliness is a feeling due to the lack of meaningful social relationships [6] or deficiency between actual and desired levels of social interaction [7] . Studies have linked loneliness to various correlates of suicidal behaviors. For example, loneliness was found as a significant predictor of depression and anxiety in the elderly [8, 9] . A high correlation was reported between loneliness and substance use as well [10] . Additionally, loneliness was found to be correlated with suicide ideation and suicide attempt [11] [12] [13] [14] . A recent meta-analytic review found that older people experiencing loneliness were twice more likely to have suicidal ideation (OR = 2.24; 95%CI: 1.73-2.90) [15] . People suffering from loneliness also has a higher risk of suicide. In a content analysis of online suicide notes, loneliness was one of the core themes [16] .
In psychological autopsy research, the supreme principle is that the greater the amount of relevant data analyzed, the more accurate the investigators' conclusions are likely to be [17] . Though loneliness has been found to be associated with suicidal behaviors, there is a lack of evidence for the role of loneliness on suicide using psychological autopsy method. Besides, the validity of psychological autopsy studies depends on the validity of the information provided by proxy informants about the deceased [18] . Previous studies have suggested that proxies are good judges of past history of suicide attempts, suicidal intent, psychiatric diagnosis, depression, life events, and social support [4, 5, 19, 20] . As loneliness is a subjective and personal inner experience or feeling, is it amenable to detection by others? The validity of proxy informants' reports on loneliness is not yet well established.
With different operationalizations of the construct of loneliness, there are several established instruments, such as the Rasch-Type Loneliness Scale [21] , the Social and Emotional Loneliness Scale [22] , and the University of California Los Angeles Loneliness Scale (ULS) [23] . The ULS with 20 items was firstly developed by Russell et al. in 1978 [23] . A four-item (ULS-4) and an eight-item (ULS-8) short form of ULS was later developed by Russell et al. [24] and Hays et al. [25] , respectively. In 2002, Zhou et al. [26] has translated the ULS-8 into Chinese and revised the scale into 6 items (ULS-6). The Chinese version ULS-6 has shown good internal reliability, test-retest reliability, construct validity, and concurrent validity in Chinese rural community-dwelling elderly [26] . Thus, the ULS-6 was adopted to measure loneliness in this study.
In this case-control psychological autopsy study, we aimed to assess the concordance of subject and proxy reports on loneliness in the Chinese rural elderly; and to evaluate the psychometric properties of ULS-6 in individuals who died by suicide and, separately, in matched community-based control subjects in rural China.
Methods

Participants and procedures
This case-control psychological autopsy study was conducted, during June 2014 to September 2015, in Shandong Province, Hunan Province, and Guangxi Province. A total of 12 counties from the three provinces were randomly selected. In each county, suicide cases aged 60 and above were collected consecutively based on the death certification system. All village doctors and local public health professionals involved in death certification were given brief training and required to report all elderly suicide death to local Centers for Disease Control and Prevention (CDCs). After all relevant and available information was collected, the manner of death was determined by trained investigators.
For each suicide case, we randomly selected community living comparison based on age (±3 years old), gender, and living location. When a suicide case was identified, investigators would list and numerate all matched older adults. One living comparison was then selected from the list randomly by a computer program. Besides, for each suicide case and living comparison, we selected two informants: generally, the first informant was one next-to-kin who lived with the individual who died by suicide or the living comparison; and the second informant was always a friend, a neighbor, or a remote relative.
The information provided by two informants was combined as the proxy data for suicide cases and living comparisons. For demographic characteristics, information provided by the first informant was relied on. For each item of ULS-6, GDS, QOL, and DSSI, answers that were hypothetically associated with elevated risk of suicide were used, because a targeting symptom or behavior might exist as long as either informant had observed it. Thus, positive answer of an item of GDS was used when one of the two informants reported positive; similarly, higher score, and lower score of QOL and DSSI were used. This study was approved by the Human Research Ethics Committees of Shandong University, Central South University, and Guangxi Medical University. Written informed consent has been obtained from participants in the living comparison group, and all informants of both suicide cases and living comparisons.
Measurements
Demographic characteristics
Demographic data were collected such as gender, age, educational level, marital status, employment, and living arrangements. In this study, people that were married and living with spouse, or cohabiting were classified as "currently married"; while people with other marital status (including single, divorced, widowed, and married but living apart) were classified as "non-currently married". Being left-behind was defined was during the last 12 months prior to death/ investigation, all adult children had lived out of the original township for at least 10 months, and had visited their parents no more than twice.
University of California Los Angeles Loneliness Scale-6 (ULS-6)
Loneliness was assessed by the Chinese version of ULS-6. In 2002, the original ULS-8 was translated by Zhou et al. [26] , and validated in elderly samples in a rural community. By exploratory factor analysis, a 6-item ULS (ULS-6) with one factor was generated. The ULS-6 has shown good internal reliability, test-retest reliability, construct validity, and concurrent validity in Chinese rural community-dwelling elderly [26] .Each item is rated on a 4-point scale ranging from 1 (never) to 4 (often feel this way). The total score ranges from 6 to 24, with higher scores indicating higher levels of loneliness.
Geriatric Depression Scale (GDS)
Depression was measured by GDS, a 30-item screening instrument developed by Brink et al. [27] . It is a validated and reliable scale upon 30 yes-or-no questions that was developed to assess depressive symptoms in the past week among elderly people. Higher scores indicate higher levels of depression. A cut-off score of 10 and 20 represents mild and severe levels of depression, respectively. The GDS-30 has shown adequate properties in the Chinese elderly [28] .
Quality of Life (QOL)
QOL was assessed by 6 items developed by Phillips et al. [29] , regarding physical health, psychological health, economic circumstances, work, family relationships, and relationships with non-family associates in the past month. Each item is rated on a 5-point scale ranging from 1 (very poor) to 5 (excellent), with higher scores indicating better QOL.
Duke Social Support Index (DSSI)
Social support was measured by the 23-item DSSI [30] . It consists of three subscales: social interaction, subjective support, and instrumental support. The total score ranges from 11 to 45, with higher scores indicating higher levels of social support. The 23-item DSSI has shown good reliability and validity in Chinese elderly samples [31] .
Statistical analysis
First, in the living controls, proxy-based data were compared with subject-based data (gold standard). The Spearman correlation analysis, the pair-sample t-test, and intraclass correlation coefficients (ICC) were used. ICC values were evaluated based on the following benchmarks: poor, less than 0.40; fair, 0.40 − 0.59; good, 0.60 − 0.74; and excellent, greater than 0.75 [18, 32] .
Then, the combined data were adopted to evaluate the psychometric properties of the ULS-6 for suicide cases and living controls, respectively. The exploratory factor analysis (EFA) was conducted to explore the underlying factor structure of the ULS-6. The sample adequacy was assessed by the Kaiser-Meyer-Olkin (KMO) test and Bartlet's test. Internal reliability was assessed using the criterion of Cronbach's alpha ≥0.70 and split-half reliability coefficient (Spearman-Brown coefficient) ≥ 0.70 [33, 34] . Independent-samples t-tests and one-way ANOVA were used for comparison among different demographic groups (gender, age groups, education, marital status, employment, living alone, and being leftbehind). Concurrent validity was evaluated by correlations between the depression, quality of life, and social support.
All analyses were performed with SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). Significance levels of this study were set at 0.05.
Results
Demographic characteristics
Altogether 242 suicide cases and 242 living comparisons were obtained. In the suicide cases, 43.8% were female, and the mean age was74.4 years (SD = 8.2). In the living controls, 43.8% were female, and the mean age was 74.1 years (SD = 8.2). As presented in Table 1 , compared with the living controls, the suicide cases were more likely to be non-currently married, unemployed, living alone, and left-behind. Besides, suicides cases reported higher scores of depression, but lower scores of QOL and social support than the living controls.
Subject-proxy agreement on loneliness
In the living controls, the mean score of ULS-6 reported by the subjects themselves was 9.8 (SD = 3.9). The mean score of ULS-6 from the proxy data was 11.0 (SD = 4.0). The Spearman correlation analysis indicated a low correlation between the self-reported and proxy data (r = 0.308, p = 0.000). The paired-sample T-test showed a significant difference (t = 4.045, p = 0.000). As shown in Table 2 , there was moderate agreement on self-reported and proxy data of the ULS-6 based on the ICC value of 0.447 (p = 0.000). The consistency was low to moderate for each item, as the ICCs ranged from 0. 295 to 0.503 (Table 3) .
Construct validity
In the suicide cases, the KMO value was 0.910, and the Bartlett's test of Sphericity was statistically significant (χ 2 = 1245.214, p = 0.000), indicating the adequacy of proceeding with factor analysis. The EFA results yielded an one-factor solution that accounted for 66.092% of the variance. Item loadings ranged from 0.844 to 0.916 (Table 3) .
In the living controls, the KMO value was 0.871, and the Bartlett's test of Sphericity was statistically significant (χ 2 = 921.187, p = 0.000), indicating the adequacy of proceeding with factor analysis. The EFA results yielded an one-factor solution that accounted for 68.425% of the variance. Item loadings ranged from 0.781 to 0.880.
Reliability
In the suicide cases, the Cronbach's α for ULS-6 was 0.940. The Spearman-Brown coefficient was 0.919.
In the living controls, the Cronbach's α for ULS-6 was 0.905. The Spearman-Brown coefficient was 0.878. 
Convergent validity
In the suicide cases, the mean score of ULS-6 was 15.55 (SD = 5.00), which was significantly higher than that of the living controls (t = 11.054, p = 0.000).
As shown in Table 4 , people, who had noncurrently married, were living alone, and were leftbehind, were more likely to report higher ULS-6 scores in both suicides and living controls. There was no significant difference on the ULS-6 scores between different groups of gender, age groups, education, and employment (p > 0.05). As presented in Table 5 , the Spearman correlation analysis indicated that the ULS-6 score was significantly and positively correlated with depression; and negatively correlated with QOL and social support (all p < 0.01).
Discussion
The aim of this study was to assess whether information derived without input from the targets themselves was valid for identifying the feeling of loneliness using a Chinese version of ULS-6 in rural China. In this case-control psychological autopsy study, we used the data of the living control group to compare the information from proxy respondents with the data reported by the targets themselves (gold standard). The agreement was fair between the living targets and proxy respondents about the degree of loneliness with an ICC value of 0.447. This finding was consistent with previous research on factors related to internal and emotional experience; the subject-proxy agreement on internal emotional experience were found to be moderate or poor, such as anxiety [4] and perceived emotional support [5, 19] .
The estimates of the proxy respondents were significantly and slightly higher than subject reports with about a mean difference of 1.23 (SD = 4.72). Symptoms and behaviors that are prominent, noticeable, and recurrent are the most detectable [20] . With increasing age, social networks of older adults will become smaller (e.g., loss of spouse and friends), and social contracts will decrease as well due to worsen physical health and reduced physical activity performance. Thus, from external perception, proxy respondents may easily overestimate the subject's feeling of loneliness. Still, the significant There was no significant difference on the ULS-6 score between different groups of gender, age groups, education, and employment (p > 0.05) correlation coefficients between the proxy respondents and the living targets themselves indicate comparatively accurate estimates of the proxy respondents on the reality of the loneliness feeling of the targets.
The information bias could exist in both suicide cases and living controls. The case-control design could minimize the effect of information bias. By comparison of proxy data between suicide cases and living controls, it could better estimate the role of risk factors for suicide [35] . In the suicide cases, the mean score of ULS-6 was significantly higher than that of the living controls, which indicates that loneliness should be considered as a risk factor of suicide in Chinese rural elderly.
Moreover, this study presents the psychometric characteristics of the ULS-6 as used in psychological autopsy method. Exploratory Factor Analysis was adopted to assess the construct validity of the ULS-6, and the onefactor structure was found for both suicide and control groups. The reliability findings supported that the ULS-6 has good internal consistency with the Cronbach's α value over 0.90 in both suicide and control groups. It was similar to the previous study conducted in the elderly in rural China [26] .
The association between social support and loneliness has been showed in abundant studies that a high level of social support can reduce the feeling of loneliness [36] [37] [38] . The results of the present study are consistent with the previous findings. People, who were non-currently married, living alone, and left behind by children, and had a lower score of social support, were more likely to report higher ULS-6 scores in both suicide and control groups. Emotional loneliness could be caused by the absence of a secure attachment person in one's life such as a spouse [37] , and close relationships are long-term predictors of loneliness in older age [38] . Rural elderly people that live alone, are non-currently married, and left behind by children, should be evaluated as a high-risk group. Interventions targeted social support systems, especially intimate relationships are needed to alleviate loneliness feeling among the rural elderly in China.
The concurrent validity was additionally evaluated by correlations between the ULS-6 and depression and QOL. As mentioned above, many elderly people experienced loneliness either as a result of living alone, a lack of close family ties or social support. It is not surprising to find a positive correlation between loneliness and depression in both suicide and control groups. A similar correlation was reported in the previous literature [8, 9, 39] . Our study also indicated that there was a significant correlation between loneliness and QOL in both suicide and control groups. In other words, the QOL decreases along with increased feelings of loneliness, which is also supported by previous evidence [37, 40] . Thus, the construct validity of the ULS-6 was supported and demonstrates the expected link between loneliness and depression and QOL in both suicide and control groups.
There are some limitations. In this study, we used the data from the community normal living controls as the gold standard to assess the validity of their informants' responses. As suggested in previous studies [5, 19] , the informants of suicide cases are most likely to be in grief, which may influence their responses to the information of the deceased. It might be asymmetrical to generalize the response from the non-grieving normal people in the living controls. Future studies may need to find ways to adjust this imbalance. Further, this study focuses on rural elderly. Future study of this type should be conducted with other age groups, and continue to evaluate its psychometric properties in psychological autopsy studies.
Conclusions
This study helps to establish the validity of proxy respondent based data on loneliness in research on suicide in older adults in rural China. Proxy respondents are generally fair judges of targets' loneliness. The ULS-6, with adequate reliability and validity, can be used in psychological autopsy research to collect data that may be ultimately inform prevention efforts, and the role of loneliness in suicide should be further studied. In addition, the ULS-6 shows potential for identifying elderly people that may be at risk for suicide. Rural elderly people that live alone, are left behind by children, noncurrently married, and have higher depression and poor quality of life, are more likely to suffer from loneliness, and should be evaluated as a high-risk group. 
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